Objective: Picking fungal fruit bodies is a popular spare time occupation, as well as a source of income in many countries. In central and southern Côte d'Ivoire, fruit bodies of the genus Termitomyces are intensively harvested and sold by the local inhabitants. However, information on the dimensions of this trade and on other socio-economic aspects of the exploitation of these edible mushrooms is lacking. This study aims at (a) investigating the local populations' knowledge about Termitomyces fruit bodies, (b) examining their utilization by identifying the actors involved of their exploitation and (c) determining the factors, explaining income differences among actors of this exploitation and fructification areas. Methodology: Some 240 persons from 12 villages belonging to two sub-ethnic groups (Baoulé and Abbey) were interviewed as to their attitude towards Termitomyces, using a structured survey questionnaire. Thus, we obtained information on Termitomyces fruit bodies' availability, on indigenous knowledge and especially on the modes of utilization as well as on seasonal aspects of their trade. Conclusions: Interviewees had a solid knowledge of edible mushrooms in general and Termitomyces in particular. Four species were recorded in the study area (Termitomyces medius, T. letestui, T. cf. eurhizus and T. fuliginosus). The latter three species were considered as edible. These mushrooms are a key source of cash income, especially for women (traders) and the farmers (harvesters). However, only one species, Termitomyces letestui, is sold through a well-established trade route. Seasonal earnings within this trade route differed among actors, visited villages and phytogeographic zones. These fungi representing a typical Non Timber Forest Products (NTFPs) are menaced by unsustainable depletion. Overharvesting is jeopardizing their persistence as well as that of their dependant termite species. Raising an awareness that prevents their incurring the "tragedy of the commons" by developing a sustainable form of harvest is an essential prerequisite for their long-term preservation.
INTRODUCTION
Non-timber forest products (NTFPs) may be defined as all tangible animal and plant products, which can be collected from forests for subsistence and trade (Ros-Tonen et al. 1995) . Several scholars considered their exploitation as a promising strategy for the long-term conservation of tropical rain forests (Anderson, 1990) . Other authors, however, argued that the returns from NTFPs gathering are marginal compared to those of timber extraction and that therefore efforts should be focused on developing sustainable timber exploitation instead of, or at least along with NTFPs extraction (Browder, 1992) . However, NTFPs in the tropics are the main source of livelihood of forest-dwelling communities, who rely on them for their nutrition, medicine, and raw materials for their houses, tools, and all other contents (Kusters et al. 2001) . NTFPs are also the main or sole source of cash income for people living in remote rainforest areas (Ros-Tonen 2000) . The contribution of NTFPs to rural livelihoods, and the fact that their use is ecologically less destructive than timber harvesting, have supported the belief that a more intensive management of forests for such products could contribute to both local socioeconomic development as well as conservation objectives. The harvest and trade of wild useful mushrooms are considered as economically important in many rural areas of Eastern and Central Africa -in Tanzania (Härkönen et al 1995) , Burundi (Buyck & Nzigidahera 1995) , Zimbabwe (Piearce & Sharp 2000 pers.obs.) , Zambia (Pegler & Piearce, 1980) and Congo (Thoen et al. 1973; Degreef et al. 1997) . In these countries, numerous species of the genera Amanita, Termitomyces, Cantharellus are usually collected and sold by rural women. In West African countries (particularly Benin, Togo and Ghana), the cultivation of mushroom of genus Pleurotus generates income, especially for women, thereby contributing to their economic independence (van Djick et al. 2003; Apetorgbor et al. 2005) . However, in spite of the high natural production of edible fungal species in these countries, their harvest and trade is qualified as an occasional activity . In Côte d'Ivoire, mushrooms are known and consumed in many households. In rural areas where they are abundant, most people collect them for home consumption as well as for extra income. Indeed, in the Guinean savannah and the semideciduous forest areas of Côte d'Ivoire, fruit bodies of the fungal genus Termitomyces are intensively harvested and sold during their respective fructification periods. This can be observed along roadsides annually, especially along the northward highway. Still far more impressive in this regard are the rural markets in the centre and the south of the country, where huge quantities are annually offered for sale. However, despite of the threat pending upon their diversity and abundance with the current excessive deforestation and the subsequent conversion of these areas to agricultural land (FAO/UNEP, 1981) , no pertinent thorough ethnomycological survey has been executed to date. In this study, the local populations' knowledge about Termitomyces was investigated and examined their utilization by identifying the actors involved in the exploitation of these NTFPs and strived to determine the factors, which explain income differences among actors and areas. Finally, their contribution to the improvement of the livelihood of rural communities and their potential contribution to a sustainable conservation of their habitats are discussed.
MATERIAL AND METHODS Study area:
The study was carried out in the Guinean savannah in the centre and the semi-deciduous forests in the south of Côte d'Ivoire (supporting information). The rainfall regime of this area is characterized by four seasons: a long rainy season from March to July, a short dry season in August, a short rainy season from September to October and long dry season from November to February (Pagney, 1988; Abbadie et al. 2006) . The mean annual precipitation is about 1200 mm. Local inhabitants of this area belong to the autochthonous "Akan", the major ethnic group and to the "Baoulé" and "Abbey" sub-ethnic groups. "Baoulé" people have settled in villages located in the Guinean savannah whereas the sub-ethnic group of "Abbey" is found in areas located in the semi deciduous forests zone (Yao, 2001 ). According to this author, some endogenous Ivorian ethnic groups such as Malinké, Sénoufo and numerous allochtonous ethnic groups, i.e. natives of countries bordering Côte d'Ivoire such as Burkina Faso, Mali, and Guinea are also found in both zones. People from these localities mainly practice shifting cultivation, cocoa and coffee cash crop farming, and hunting, fishing and gathering. Ethno-mycological surveys: From October to November 2009, information on Termitomyces species fructification, habitats and trade were obtained through direct surveys. These preliminary investigations were undertaken to identify the open issues of the study, refine the research hypotheses and choose villages whose surroundings ought to be visited. Pictures of the species of Termitomyces species occurring in the study area and obtained through a previously investigation (Koné et al., 2011) , were used in the interviews, which aimed at determining the extent of knowledge about these fungi. The ethno-mycological and socio-economical survey was undertaken in 2010, during the main fructification periods of Termitomyces species from January to June in the study area as described by Koné et al. (2011) . A survey kit (supporting information) was used to standardize information obtained from different people. The survey kit contained pictures of numerous edible and non-edible mushrooms including Termitomyces species from the studies of Koné et al., (2011); Mossebo et al., (2002) and De Kesel et al., (2002) . Interviews were conducted in local languages (Baoulé and Abbey) and afterward translated into in French by local assistants selected and trained for the task. The survey kit was centered on three main issues: (1) the availability of Termitomyces fruit bodies and actors intervening in their harvest and sale, (2) the fluctuations occurring in their sale price during their respective fructification period and (3) the mean cash income of actors during a harvest and the subsequent trade campaign. In order to understand the variation of average cash income, observed among actors and between villages, a part of the questionnaire was exclusively directed towards on business harvesters encountered during the survey. An assessment of the density of termite mounds in the habitats was conducted along with the average number of fruit bodies of Termitomyces species on each mound. A total of 240 persons (20/village) made up of 138 men and 102 women, from 12 villages were interviewed. Five villages located in Guinean savannah (Oussou, Zougoussi, Ahérémou I, Ahérémou II and Singrobo) and seven others (Brimbo, Okassou, Boussoukro, Kangagnazé, Batéra, Kodimanso and Bodo) located in the semideciduous forest were visited. These villages were chosen according to a virtual transect line from the centre (Guinean savannah) to the south (semi-deciduous forest) of the country. Villages were selected at random and were sufficiently distant from one another (at least 3 km), to prevent exchange of information among them (van Dijk et al., 2003) . Participants were volunteers who were individually interviewed to avoid biased (socially mediated) answers. The survey was conducted either in villages, on their respective markets, at the edge of the main motorways of the area (sellers) or in the field (harvesters). The average age of the participants was 27 years (12-42 years) for women and 36 years for men (15-68 years). Data analysis methods: Statistical analyses were made with the software STATISTICA version 7.1. This software was used for average comparisons using the U-test of Mann-Whitney after analyzing variability among obtained values with ANOVA of Kruskal-Wallis. These comparisons were performed for the row cash income values as variable among actors and between visited villages on one hand and for harvested fruit bodies per termite per village on the other hand.
RESULTS

Indigenous knowledge and utilization of
Termitomyces fruit bodies: Inhabitants of the study area have a solid knowledge (i.e. diversity, occurrence period, distribution and culinary) of edible mushrooms of the genus Termitomyces. Fruit bodies of this genus are the most appreciated edible mushrooms of this area. The local people call these mushrooms "termite' mushrooms" meaning "mushrooms produced or cultivated by termites". Their vernacular names are N'Glô in Baoulé and N'Kôkrô in Abbey. Three species (Termitomyces letestui, T. cf. eurhizus and T. fuliginosus) of the four occurring in the study area were recognized as edible mushrooms ( Figure  1 ). The fourth (T. medius) was known as a Termitomyces species by only 2% of the interviewees. Only fruit bodies of T. letestui are sold during their fructification period from February to April. Fruit bodies of this species are locally consumed in higher quantities than sold in areas close to the Guinean savanna, consumed, and sold in comparable quantities in localities situated in the semi deciduous forest. Termitomyces cf. eurhizus and T. fuliginosus are just harvested by farmers for their own consumption, since these species have never been found in large enough quantities to be traded. No difference was observed between both sub-ethnic groups regarding recognition and uses of fruit bodies of Termitomyces species. Both groups use the same resources and no differences in species' preference were observed. They used to take these mushrooms to replace meat and fish in sauces (i.e. palm, aubergine, gombo or tomato sauces), to be eaten with rice and pounded plantain banana, yam or cassava. Trade of Termitomyces fruit bodies: actors and trade route: Three main categories of actors were identified in the seasonal harvest and trade of Termitomyces fruit bodies: harvesters (including small and business harvesters), small dealers and urban wholesalers (figure 2). A total of 91 actors (38% of the total respondents) made up of 52 business harvesters, 23 small dealers and 16 urban wholesalers were interviewed. Harvesters act as the triggers for the seasonal exploitation of Termitomyces species. They have a well-developed knowledge of the phenology and habitats of Termitomyces species. In addition, these actors have acquired a well-established cartography of those termite mounds bearing Termitomyces fruit bodies annually. Two categories of harvesters were distinguished: those visiting forest fragments near the villages, plantations (cocoa crops) and old fallows looking for personal or family consumption (small harvesters) and those harvesting high quantities of fruit bodies for sale (Business harvesters). Small harvesters are children of both sexes (9-14 years old) and women while business harvesters are exclusively men (15-38 years old). Harvesting Termitomyces fruit bodies is considered as an extra job by these actors. Business harvesters usually stormed Termitomyces habitats early in the morning to pick off fruit bodies for sale. The second category of actors consists of women (12-40 years old) representing intermediary groups of actors: rural and urban small dealers. Rural small dealers are B A
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intermediates between business harvesters and urban wholesalers while urban small dealers represent intermediates between urban wholesalers and consumers from big cities. Rural small dealers generally have different well-known meeting points with business harvesters in the vicinities of natural habitats of Termitomyces species. They buy fruit bodies in relatively large quantities for reselling them to urban wholesalers. An individual rural small dealer obtains her goods in general from many business harvesters. Urban small dealers are found in large cities, none was interviewed during this study. The third and last category in the trade route is formed by urban wholesalers composed of women (20-40 years old) who used to buy large quantities of fruit bodies for reselling them in big cities like Yamoussoukro, N'Zianouan and Abidjan. They also are in charge of the transportation of Termitomyces fruit bodies to urban markets. An urban wholesaler used to get her fruit bodies from many rural small dealers. As fruit bodies of fungi are rapidly, perishing, urban wholesalers used to dry the fruit bodies before transporting them to the markets. This happens when the overall quantity was too small to compensate the expenses in time and transportation fees to go to a distant market. The full trade route (Figure 3 ) for the fresh fruit bodies can be completed within at least 48 hours. However, trade of dried Termitomyces fruit bodies takes place throughout the entire year. When small dealers and wholesalers are not present business harvesters usually sell the whole amount of their fruit bodies directly to passengers along roadsides and the northward highway. Actors' seasonal income: Seasonal income (i.e. February to April) of actors varies significantly according to the actors' category (Table 1 ). The highest average earnings for business harvesters have been observed in villages located in the semi deciduous forest (US$264.58±5.14 (N=7)), while those of the Guinean savannah reach only US$65.67±3.4 (N=4) ( Table 1) . No rural small dealer or wholesaler was observed in villages and markets of the Guinean savannah and in two villages within the semi deciduous forest. However, seasonal earnings of the business harvesters from the Guinean savannah follow the same patterns as those of actors located in the semi deciduous forest. A rural small dealer can earn US$280.8±13.97 (N=23) on average while wholesalers earn US$341.62±12.66 (N=16). The amount of cash incomes generated increases from the Guinean savannah to the semi deciduous forest. As just mentioned, no trade of Termitomyces was observed in two villages located in the Guinean savanna (Oussou and Singrobo). Termitomyces collected in these villages were used for household consumption only, since fruit bodies are not found in quantities large enough to be traded. The trade of Termitomyces fruit bodies is well developed in five of the seven villages visited in the semi deciduous forest zone: Boussoukro, Kangagnazé, Batéra, Kodimanso and Bôdô. The income of traders in these villages per fructification campaign is higher than those located within the Guinean savannah. The Locality of N'Zianouan (located in the middle of our virtual transect line) represents the most important trade centre. Huge quantities of fruit bodies accrue at this locality possessing the biggest rural market. Only small and business harvesters are represented in localities of the Guinean savannah (Zougoussi, Ahérémou I, Ahérémou II, Brimbo and Okassou) whereas representatives of all categories of actors except urban small dealers were present in five villages within the semi deciduous forests around Boussoukro, Kangagnazé, Batéra, Kodimanso and Bodo. When converting the seasonal earnings of actors into monthly incomes (fructification season lasts from February to April = 3 months), and taking Guaranteed Minimum Wage Value (GMWV) of the country (US$80.13/month) as reference, Termitomyces fruit bodies provide satisfactory income for business harvesters on the one hand and great cash income for rural small dealers and the wholesalers on the other hand (values in bold in the Table 1 ). Monthly income of rural small dealers and wholesalers are equal or higher than the GMWV in four of the localities from the semi deciduous forest zone: Boussoukro, Kanga-Nianzé, Batéra and Kodimanso. All actors in Batéra have a monthly income higher than the GMWV. Rural small dealers use to sell fruit bodies twice the price they acquired them, since the original bunch is systematically divided in two. The same process is also generally repeated between small dealers and wholesalers. Size of the bunch of fresh fruit bodies differs among steps of the trade route. It becomes smaller with every upgraded step of the trade circuit (e.g. from business harvesters to consumers) whilst the sale price remains the same. In addition, the sale price of the bunch changes with the availability of fruit bodies. A bunch of 6 or 7 fruit bodies can move from US$0.5 to US$1 from the beginning to the end of the fructification season. Actors also revealed that consumers prefer closed fruit bodies. Consequently, harvesters collect the mushrooms as early as possible, before the caps (pileus) of the fruit bodies are open.
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These closed fruit bodies are judged easy to preserve and recognized to be more profitable. Assessment of Termitomyces fruit body abundance: According to business harvesters, Termitomyces fruit bodies' production varied with the size of the termite mound. In addition, the mean number of fruit bodies per termite mound varied from a phytogeographic zone to the next (16 in the Guinean savannah and 47 in the semi deciduous forest for N=17 and 45 interviewees respectively). Between villages located in the Guinean savannah, the number of fruit bodies collected per termite mound was not significantly different at P=0.05 (LSD post hoc comparison); but significant differences were observed between those around villages located in the semi deciduous forests zone (Figure 4) . The highest production of fruit bodies per mound was found in the semi deciduous forests zone compared to the Guinean savannah. Consequently, the trade of fruit bodies is especially well developed in these villages ( figure 4 and Table 1 ). 
DISCUSSION
This study results showed that only fruit bodies of Termitomyces letestui were sold. However, three additional species occur in the study area according to Koné et al. (2011) , these are: T. medius, T. cf. eurhizus and T. fuliginosus. The trading preference might be explained by (i) the abundant fructification of the species T. letestui, (ii) the high appreciation of its fruit bodies by the local people and (iii) the fact that its host termite species (Pseudacanthotermes sp) is the most abundant in the study area (Dosso et al. 2010) . In addition, might the reason also be that T. medius and T. fuliginosus fruit bodies look different and the customers may not recognize them reliably (figure 1). Termitomyces cf. eurhizus looks morphologically as T. letestui but with a dark grey color. As for T. fuliginosus and T. cf. eurhizus, fruit bodies are too rare and thus too much effort is needed to collect them in rewarding quantity as argued by Koné et al (2011) . However, T. medius is a relatively abundant species but its fruit bodies are not sold. This species was not known by local people as a Termitomyces species and as an edible mushroom probably because it bears the smallest Termitomyces fruit bodies in the study area, growing up from completely subterranean termite nests. In the study area, seasonal exploitation of Termitomyces fruit bodies is considered as a real occupation for both farmer genders (female and male) and young girls as well, contrary to what has been observed in Malawi in Southern Africa (Morris, 1987 (Morris, & 1994 and in many countries in Central Africa, where only women and children are in charge of collecting and trading mushrooms. Termitomyces fruit bodies were found to stand alone as a meal and being used as supplement or alternative to meat or fish by rural people since they are less expensive. The big town consumers usually mixed these mushrooms with meat or fish in their daily diet, considering it a side dish only. Phenology studies undertaken by Koné et al. (2011) in our study area proved that Termitomyces letestui fruit bodies occurred from February to April at the beginning of the rainy season, after the long drought season. At that time, all the cultivated crops from the previous season have been completely used up whilst those from the following one are not available yet. Our results confirmed that Termitomyces fruit bodies are collected and sold for subsistence purposes and represent a key source of income for rural people, especially for women (marketing) and the farmers (harvesting). Obvious is the profit for the rural people's livelihood in terms of additional income through the trade of these mushrooms. Participants in this trade gain a remarkably good monthly income (in comparison to the MGWV of Côte d'Ivoire). Termitomyces fruit bodies' trade helps farmers (i.e. the business harvesters among them) to procure their domestic needs and/or to expand their farms or to run a small shop in their village. It also allows young girls and women to (i) get capital for other crop business after the fructification period of Termitomyces and (ii) to attain their economic independence. Trade patterns occurring in our study area differ from those reported from other West African countries. A clearly subdivided trade route in the seasonal exploitation of these mushrooms exists. In Benin for example, in spite of the high natural production of edible mushroom species in some areas, their harvest and trade remain an opportunistic activity . In Ghana, women and children do mushroom hunting but no wellestablished trade route exists for their seasonal exploitation (Apetorgbor et al. 2005) . The differing situations observed in our research areas in Côte d'Ivoire might be explained by (1) the high abundance of Termitomyces fruit bodies in the study area, (2) the locally well developed trading network with effective links between the local, regional and national markets and (3) the high appreciation of Termitomyces fruit bodies, which are very appreciated and very much sought after as food by the Ivorians in general. With the currently increasing deforestation and progressive fragmentation caused by shifting slash-andburn cultivation and a soaring farming intensification due to a steeply increasing human population, suitable habitats for Termitomyces are becoming scarcer and scarcer (FAO/UNEP, 1981) . The thereof resulting increasing and uncontrolled harvesting pressure will have a decreasing productivity as consequence. The local people harvest the mushrooms as early and as frequently as possible, preventing the caps (pileus) of the fruit bodies from opening and the sexual spores from fully developing. This harvesting method is likely to have negative consequences for the termites. In the termiteFungus mutualistic relationship, the most common and presumably primitive mode of reproduction for the symbiotic fungus is to produce basidiocarps reaching the surface of the host termite's mound (Korb & Aanen, 2003) , during the rainy seasons and providing the next generation of termite sexuals with horizontally propagated spores. With an increasing harvesting pressure newly, founded colonies, using this transmission mode, might have difficulties to find matures spores for the successful inoculation of their combs (for more details see Korb and Aanen, 2003) . Termites of the genus Pseudacanthotermes, which is the host of the widely sold fungus (T. letestui) in our study area belongs to the species using horizontal spore transfer for the maintenance of their mutualism. This study could help raising awareness for the necessity of a sustainable exploitation through adapted harvesting and protection of the habitats against agricultural practices, which are detrimental for the termites. Paying attention to some basic facets of their biology and avoiding an overharvesting of the valuable fungi secures the preservation of an important cash income source for a considerable number of rural harvesters and sellers in between the latter and the end consumers.
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